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AERONAUTICS

INVESTIGATIONAT HIGHSUBSONICSPEEDS

OFTHESTATICLONGITUDINALANDSTATICM133RALSTABILITY

CHARACTERISTICSOFA WING-FUSELAGECOMBINATIONHAYINGA

TRIANGULARWINGOFASPECTRATIO

NACA65Ao03AIRl?On

By JemesW. WiggirLS

SUMMARY

An investigationwasconductedintheLangleyhigh-speed7- by
10-footwindtunnelto determinethestaticlongitudinalsndstaticlate-
ral stabilitycharacteristicsofa wing-fuselagecombinationhavinga
triangularwingofaspectratio2.31,andanNACA65AO03airfoilsection.
Thetestscovereda MachnumberrangefromO.~ to 0.95withthecorre-
spondingReynoldsnunibers,basedonthemeanaerodynamic’chordofthewing,
rangingfrom3 x 106 to 5 X106. Theresultsindicatethata pitch-up
occursat anglesofattackof M.”or120(liftcoefficientof approxi-
mately0.60)fortheclean-wingconfigurationwithinthelkchnumber
rangefrom0.70to 0.85. Theadditionof smallnotchesintheleading
edgeofthewingatthe0.60-semispanstationessentiallyeliminatedthe
pitch-upattheseanglesof attack.A slightincreaseindragcoeffi-
cientwasindicatedforthenotched-wingconfigurationat liftcoeffi-
cientsabove0.20forMachnwbersof 0.70and0.91.

Thedirectionalinstabilityofthemodelincreasedconsiderablyat
anglesof attackabove180. Ingeneral,Machnumbereffectsat lowlift
coefficientson someofthemoreimportentstabi13tyderivativesandper-
formanceparameterswerefairlysmallovertherangeinvestigated.

INTRODUCTION

Thepresentinvestigationisa continuationof a programbeingcon-
ductedintheLangleyhigh-speed7-by 10-foottunnelto determinethe
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effectsofwinggeometryonlongitudinalandlateralstabilitycharacter-
isticsofa wing-bodyconfigurationatMachnumbersup to 0.95. The #
characteristicsinpitchandsideslipofa wing-fuselagecombination
havinga triangularwingofaspectratio2.31andanNACA65AO03airfoil .
sectionarereportedherein.Somepitchtestsweremadewitha notchin
theleadingedgeofthewingatthe0.60-semisPanstation.TIEdataare
presentedwithonlya briefanalysisin orderto expeditepublication.
Thecharacteristicsinpitchandsideslipofthefuselagealonearepre-
sentedinreferences1 and2, res~ctively.

SYMBOLS

Thestabilitysystemofaxesusedforthepresentationofthedata,
togetherwithan indicationofthepositivedirectionsofforces,moments,
andangles,arepresentedinfigure1. Allmomentsarereferredtothe
projectionoftheq~rter-chordpointofthemeanaerodynamicchordon
thefuselagecenterline.
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MODELANDAFPARATUS

A drawingof themodelinvestigatedanddetailsof thewing-leading-
edgenotchesareshowninfigure2 alongwitha tableofwingordinates.
Thegeometriccharacteristicsof thebodycanbe obtainedfromreference1.
Thewinghada leading-edgesweepangleof600,aspectratioof2.31,and
anNACA65AO03airfoilsectionparallelto thefreestresmandwasattached
to thefuselageina midwingposition.
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Themodelwastestedonthestingsupportshowninfigures3 and4.
Withthissupportthemcdelcanhe remotelyoperatedthroughan angle-of-

.

attackrangeof28°,intheplaneoftheverticalstrut,atvariousestab-
lishedanglesof sideslip(fig.3]. Themodelc=be rolled90°(fig.4) .
at thecouplinginthestingbehindthemodelfortestsatvariousestab-
lishedanglesofattackthrougha sideslip-anglerange-from-14°to 140.
Aninternallymountedelectricalstrain-gagebslancewasusedtomeasure
allmcnnentsandforces.

TESTSANDCORRECTIONS

ThetestsweremadeintheLangleyhigh-speed7-by 10-foottunnel
throughaklachnuniberrangefrom0.40to 0.95. Theblockingcorrections
whichwereappliedweredeterminedby thevelocity-ratiomethodofrefer-
ence3.

Thelongitudinalcharacteristicsweredeterminedfrcmtestsinwhich
thesagleofattackwasvariedfrom-3°to 24°. Someof thesetestswere
repeatedwitha notch(fig.2) cutintheleadingedgeofthewingatthe
().6&semispanstation.Thesidesliptestswereconductedat anglesof #
attackof0° and60smdthroughan angle-of-sidesliprangefrom-5°to
120;also,testsweremadethroughoutsm eagle-of-attackrangefrom-3°
to 240at sideslipsnglesof*40. ●—

Thejet-boundarycorrections,whichwereappliedto theangleof
attackanddrag,weredeterminedfromreference4.

Sting-supporttareshavebeendeteminedfortaillessmodelsgener-
SQY similarto thepresentconfigurationendwerefowadtobe negligible
forallforcesendmomentsexceptdrag. Thedragtareresultsfromthe
influenceofthestingontheexternalpressuresonthemodelparticu-
larlyneartherearwardend. Theapplicationofthetaredragwould

—

increasethetotaldragcoefficientby about0.002throughoutthetest
rsngesofangleofattackendMachnumber.Thetarecorrectionhasno>
beenappliedtothedatahereinas someuncertaintyexistsregardingits
exactmagnitudeandalsobecausethecorrectionwasobtainedtiterother
rektedinvestigations(forexample,refs.1 and5)hadbeenpublished.
Alldragdatahavebeencorrectedto theconditionofa pressureatthe
fuselagebaseeqpaltothefree-streemstaticpressure.Thisincrement
ofbase-pressuredragcoefficientwhichwasaddedtothedragdataispre-
sentedinfigure5.

No correctionsto accountforaerolasticdistortionhavebeenapplied .
to thedatapresented;however,theseeffectsaxebelievedtobe small.

.
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Theangleofattackandtheangleofsideslip
forthedeflectionofthesting-supportsystemand

5

havebeencorrected
balanceunderload.

ThevariationwithMachnumberofmeantestReynoldsnumber(based
onthemeanaerodynamicchordofthewing)ispresentedinfigure6.

RESULTSANDDISCUSSION

Theresultsoftheinvestigationarepresentedinthefollowing
figures:

Data: Figure
Basic,longitudinal.. . . ● . . ● . . . . . . . ● . . . ● .7*o11
Lift-dragratios. . . . . . . . . :. . . . . . . . . . . . . M
Basic,lateral. . . . . . . . . . . . . . . . . . . . . . 13to15
Lateralderivatives. . . . . . . . . . . . . . . . . . . . 16to18
Psmmetersat a=OO. . . . . . . . . . . . . . . . . . ● . . 19

LongitudinalStabilityCharacteristics

T& pitching-momentresultspresentedinfigures8 and9 forthe
clean-wingconfigurationindicatethata pitch-upoccursat an angleof
attackof’aboutlloor12°(CL=0.60~atI&chnumbersof 0.70,0.80,
and0.85. Althoughthispi~ch-upis~athermildsndshort-livedwhen
comparedwithsweptwingsoftaperratiosotherthanO (ref.5),itstill
isundesirable.h anattemptto eliminateorreducethispitch--up,
notcheswerecutintheleadingedgesofthewingsatthe0.60-semispan
station.Thegeometriccharacteristicsofthenotchweredeterminedfrom
a studyofunpublishedlow-speedresultson a 45°sweptwinghavingan
aspectratioof 4 anda taperratioof0.6. Theresultspresentedin
figures8 and9 showthatthepitch-upwasessentiallyeliminatedby the
notchattheseanglesofattack.However,thedataindicatethata ten-
dencytopitchupmaystillexistat sm angleofattackofabout18°
[CT-0.90),althoughan unstableconditionwasnotreachedinthesetests● _
~e”~littl~”effectofthenotchonthestabilityofthemodelisindicated
at anglesof attackandliftcoefficientsnearzero.

Thedragdataoffiguren(b) showan increaseindragcoefficient
at liftcoefficientsaboveapproximately0.20forthenotched-wingcon-
figuration,particularlyatMachnumbersof 0.70and0.91. Thisincrease
indragattheseliftcoefficientsisprobablya resultofthereduction
inliftcoefficientat comparableanglesofattackforthenotched-wing
configuration(fig.7). Theprecedingcharacteristicsresultina slight

--

reductioninthelift-dragratioso~-ertheliftrangediscussed(fig.12).
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Thedragdataplottedagainstangleof attack(fig.10)
decreaseindragatthehigheranglesofattackforthe
configurateion.

LateralStabilityCharacteristics

showa slight ● .–
notched-wing

.

ThevariationofthelatersLcoefficients,~, Cy,and CZ with
angleof sideslipis showninfigures13,14,and15,respectively.The

~ wP, a~ Czpslopesof ~ , measurednearan angle-ofsideslipofOo

arepresentedinfigures16,17,and18,respectively,antishowgoodagree-
mentwiththevaluesfromtheparsmeter”tests.

—

Theresultspresentedinfigure16 indicate&ire@lonalinstability

(negativevaluesof ~p) at allanglesofattack.A rapidincreasein
thisinstabilityoccurs”;tanglesofattackabove18°whichisprobably
a resultofwing-fuselageinterferenceas indicatedinreference6. The
instabilityshownatanglesofattackup to 180ispriiaarilytheunstable
momentofthebodyshownby thebody-aloneresultsinreference2.

ThevariationoftheeffectivedihedralderivativeC!ZBwithangle

ofattack(fig.18)islinearat thelower@es ofattack;however,
aboveanangleofattackofabout8°,thevariationbecomessomewhat
erratic,particularlyatthehigherMachnumbers.Thiserraticvari.a-..
tionisprobablya resultofasymmetricalstallingofthewingsemispans
wh~leinanattitudeof sideslip.

MachNumberEffects

TheeffectsofMachnumberon someofthemoreimportantstability
derivativesandperformanceparametersatlowliftcoefficientsareshown

d%
infigure19. Theaerodynamiccenter,indicatedby —, movesrearward

d%
about5 percentofthsmeanaerodynamicchordatthehighsubsonicMach
numbers.Ingeneral,Machnumbereffectswerefairlysmallasmightbe
expectedfora thinlow-aspect-ratiowing. — -—

CONCLUSIONS

An investigationconductedintheIa.ngleyhigh-speed7-by 10-foot
windtunnelto determinethestaticlongitudinalsndstaticlateralstq-
bilitycharacteristicsofa wing-fuselageconfigurationhavinga tingof

-.

d

.

—

.

.—

.
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aspectratio2.31andanNACA65AO03airfoil
lowingspecificconclusions:

‘7

sectionindicatethefol-

1.Notchesintheleadingedgeofthewingatthe0.60-semispan
stationsessentiallyeliminatedthepitch-upofthemodelthatoccurred
at anglesofattackofll”orI@ (liftcoefficientofapproximately
0.60).

2.A slightincreaseindragcoefficientwasindicatedforthe
notched-wingconfigurationat liftcoefficientsabove0.20forMachnwn-
bersof 0.70and0.91.

3.Thedirectionalinstability(negative~P) ofthewing-fuselage

configurationincreasedrapidlyat anglesof attackabove180.

4. In general,Machnumibereffectsat lowliftcoefficientson some
ofthemoreimportantstabilityderivativesandperformanceparameters
werefairlysmallovertherangeinvestigated.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,June~, 1953.
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Wing Geometry

Area 225 sqft
Aspect ~iiO 231
Sweep ang/e,2+4 52.4”
Airfoil section porallel

/0 plane of symmetry ~ACA 65A0~3 [o”!?>
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F

Figurea.-PlanformofmodelshowingdetailBofnotc~inleadingedge
ofting.



, I

‘\ ‘“- \ - .<. -k-,-
“. .X .

L-79563
Photographofmxlelonat* supportmx&ed for~le -of-

attacktests.

P
P



h,lLAWLJLL-L

Figure4.-

#

. .1.-,,,,. 1.

Photograph
L-79564of ~til On sting support munted for SJ@E -of-

Siaesliptests.

●

G

I!,,

&’

\



NACARM L53G09a

AC~Ip.

0

0

0

0

0

0

0

0

0

13

M
.95

.93

,9/

.85

.80

.70

.60

.50

.40
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Figure~.-Variationof liftcoefficientCL withangleofattacka
throughoutthetestM numberrange.
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throughoutthetestMachnumberrange.
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-4 0 4 8 /2 /6 @ 24 28
Angleof attack,a, ifeg =s=

.
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Figure10.- Variationofdragcoefficientwithangleof attackthroughout .
thetestMachnumberrange.Dataarecorrectedto free-streamstatic
pressuxeat fuselagebasebutarenotcorrectedforsting-interference

—

tare.
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(a) Clean Wing.

Figure11.- Variationofdragcoefficientwithliftcoefficientthroughout
thetestMachnumberrange.Dataarecorrectedto free-stremstatic
pressureat fuselagebasebutarenotcorrectedforsting-interference
tare.
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tie.=-:..-.-.

—



NACARM L5~9a

8

4
$ff

o

-4

-8

21

M

.95

.93

9/

.85

.80

.70

.60

.50

.40

-2 0 .2 4 .6 .8

Lift coeffkr’ent, CL w

Figure12.- Variationof lift-dragratios
throughoutthetestMachnumberrange.
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Figuxe14.-Vnrlatlonorlateral-forcecoefficient~ withangleof
sidesllp~ throughoutthetestMachnumberrangeatsinglesorattack
of0°and6°.
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FQure1>.- Variationofrolling-momentcoefficientCl withangleof
eidesllpf!throughout.thetestMachnumberrangeatangleBofattack
Of0° and 6°.
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Figure17.- Variationofthelateral-force
ofattacka throughoutthetest
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Figure18.-Variationof effectivedihedralCtp withangleof attacka
. throughoutthetestMachnumberrange.
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